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Abstract 
This paper follows the discipline of Urban Design to elaborate the concepts of disaster resilience at the neighbourhood level 
for the collective development of Chennai city. The increased inflow and use of resources attributed to the growing urban 
population creates a pressure on the various natural systems, increasing their vulnerability to multiple attacks from natural and 
man-made forces. Hence the future adaptability of cities is important for its growth in the aftermath of a disaster strike. The intent 
of this research is thus to develop a framework of strategies for an emergency response programme and to develop a design 
scheme to make cities resilient, through neighbourhood development. A sample precinct of Chepauk was taken up for the design 
demonstration after a detailed analysis of the same, addressing various physical factors such as land use, open spaces, 
connectivity networks, physical and social infrastructure, built density, ecology and emergency response mechanism. 
© 2016 The Authors.Published by Elsevier Ltd. 
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1. Introduction  
According to the United Nations Office of Disaster Risk Reduction, disasters often follow hazards. A disaster's 
severity depends on how much impact a hazard has on environment and the population. The uncontrolled 
urbanization of Indian cities has resulted in people living in densely packed conditions with limited access to basic 
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utilities making them vulnerable to a disastrous outcome.  
Between 2000 and 2011 more than 2.7 billion people were affected and more than 1.3 trillion dollars were lost 
due to disasters around the world [1]. India’s disasterscape†  is such that all parts of the country are vulnerable to 
various types of disasters and the trend is upward [2]. Almost 85% of the land area is vulnerable to single or 
multiple hazards [3]. With inappropriate mitigation strategies, disaster management in India have been inefficient. 
The concept of resilience is the capacity of individuals, communities, institutions, businesses and systems within a 
city to survive adapt and grow no matter what kinds of chronic stresses and acute shocks they experience [4]. 
A resilient city is a well-knit network of physical systems and human communities [5]. The physical systems 
include the built and natural environment i.e. buildings, roads, infrastructure, trees, topography, and other natural 
systems. The communities and institutions form the social aspect of the city which is equally important. When a 
disaster strikes, the physical systems are the first affected and its ability to cope and adapt to such a situation is of 
utmost importance for the future functioning of the city, post disaster. 
The paper structure starts with an analysis of the existing framework in disaster management followed by an 
analysis of the related work in the field. It includes an analysis of ‘UNISDR – How to make cities resilient’ [1]. 
Parameters are derived and on the basis of this a theoretical framework is developed. A detailed analysis of the city 
and the study area is done after which structure plans are developed. Finally a design scheme at the neighbourhood 
scale is applied onto the study area in the city of Chennai. 
2. Existing framework in disaster management 
2.1. National Disaster Management Act, 2005 
According to this act, a National Disaster Management Authority is established with a chairperson and other 
members who have the responsibility of laying down policies, plans and guidelines for disaster management in the 
country. The whole process is carried out at the national, state, district and local levels [6]. There is a lack of specific 
guidelines on preventive measures through planning of cities which is seen to be a lacuna in the document. The 
implementation level of these policies is seen to be inefficient from various past examples of disaster attacks in the 
country [7]. 
2.2. UNSIDR – Making cities resilient 
The United Nations Office of Disaster Risk Reduction has put down 10 guidelines on making resilient cities 
[1].The major five guidelines that look into the physical aspects are taken from which parameters are identified. 
These parameters are used to analyze the city and study area in detail. 
Table 1. Parameters identified. 
Guidelines  Parameters identified 
Building regulation and land use planning Land use, Building design & Density 
Infrastructure protection and up gradation Transportation 
Physical Infrastructure 
Environmental protection and strengthen ecosystems Ecology 
(Open space, wetlands, water 
bodies, mangrove forests) 
Protect vital facilities- health and education Social infrastructure 
Effective preparedness, early warning & response Early warning system 
Emergency services- food, 
water, shelter, utilities 
 
 
*
Term coined in the publication - Kapur, A. (2010) Vulnerable India- A geographical study of disasters. Sage Publications. New Delhi. A 
disasterscape is characterized by features of destruction, devastation and state of upheaval. 
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3. Theoretical Framework 
According to P. Greeshma and K. Manoj [8], the strategies for these parameters are derived and suggested for a 
city irrespective of the context and type of disaster. Designing an urban environment that responds to a risk situation 
in an efficient manner was the outcome of the said research. Urban design guidelines were derived for each 
parameter for an efficient response programme in any city. The strategies were suggested at the city and the 
neighbourhood levels. Building further on this work, these generic strategies are applied on to the neighbourhood of 
Chepauk in the city of Chennai and are further modified according to the site’s size, structure and use.  
4. Chennai city 
Chennai, the capital of Tamil Nadu, was established in 1639 and is the fourth largest metropolitan city in India. 
The population of Chennai city as of 2011 Census of India, is 46,46,730 persons and covers an area of 426 sq.km. 
The city has an increased growth rate of 2% during the decades 1951-61 and 1961-71 which is greatly attributed to 
its industrial growth [9]. 
The city is greatly affected by the rapid urbanization causing pressure on the outdated infrastructure. The major 
type of disasters that the city is susceptible to are cyclones (which has hit the coast 29 times in the past 50 years), 
tsunami in the Indian Ocean (2004), flooding due to rainfall and other such coastal disasters [10]. Rainfall events 
from cyclones are likely to become more severe in the future [11]. In this context the city officials have started 
developing disaster management plans by starting with the installation of the early warning system. The 
combination of densely populated areas in Chennai and increasing risks of climate related hazards make the city 
especially vulnerable to disasters. Solving this issue from the neighbourhood level will further help in the equitable 
and collective development of the whole city. For this purpose, Chepauk area, with its heritage public buildings and 
a dense residential settlement have been selected as the detailed site for demonstrating the resilience framework 
strategies. 
Chennai is located on the eastern coast of India at 13.08270 N & 80.27070 E. It has a decadal growth rate of 25% 
and is bursting at the seams [9]. The topography of Chennai is divided into: a) small groups of hills on the western 
part b) middle part consisting of the built up area c) broad sandy beach on the coastal edge. Sand dunes are a part of 
the ecology of Chennai which helps to prevent sea water intrusion, but the unplanned urbanization today has altered 
this natural landscape greatly. The mean flood level from the previous cyclones and storm surges range from 6m – 
10m. 
The coastal front of Chennai is divided into three geomorphological types: a) Sheltered bay b) Seafront beach c) 
Coastal marshes. A sheltered bay type consists of breakwaters and a reinforced shoreline, whereas seafront beaches 
and the coastal marshes (river mouths) have a low elevation and fine sediment soil condition (prone to erosion). 
High dense residential settlements cover the major part of the coastal edge of the city with a population density of 
1,40,000 persons per sq.km [12]. 
The average annual growth of traffic in Chennai during 1998- 2008 is in the range of 6% - 17%. This along with 
the lower percentage of four lane roads in the city is leading to a decreased vehicular speed in core areas. The 
pedestrian traffic in the CBD ranges from 4200- 1,20,000 in the peak 12hr period [13]. The lack of adequate 
facilities for a smooth flow of vehicular and pedestrian traffic in the core areas will make any future evacuation 
measures difficult in the time of a risk. 
A vulnerability mapping of the city was prepared based on the studies done regarding the built density, 
population density and the storm surge flood levels of the past years as shown in Fig: 1. The vulnerability of a place 
ranges from high to low with the coastal edge having the highest vulnerability to disastrous outcomes due to coastal 
hazards. 
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5. Study area 
From the above vulnerability mapping the detailed study area selected is based on the locational aspect of the 
neighbourhood, being the most vulnerable to incoming hazards. The Chepaukprecinct is located at the beginning of 
the Marina beach and close to the river mouth of the Cooum River, hence doubles the impact. The area facing the 
beach consists of public and semipublic use buildings followed by high dense residential fabric. Fig. 2  
The major issues concerning the detailed study area were analyzed. The study area consists of high dense 
residential areas with more than 60% built density.Except for the wide primary roads (KamrajarSalai), the internal 
roads have commercial and mixed uses on either side creating traffic and congestion issues. The conversion of 
residential uses to mixed use and subsequently to commercial nature is resulting in the increase in height of the 
buildings along roads of narrow widths. Large parcels of public use lands cause inactive zones within the study area. 
There is lack of adequate parking facilities within the dense settlements as more than 70% of the households own 
one vehicle (2,3 or 4 wheeler). Buckingham Canal was planned as a storm water drain to mitigate the effects of sea 
water intrusion but presently with the dumping of solid wastes and sewage has resulted in silt formation and the 
subsequent reduction of its carrying capacity. Also the construction of the MRTS elevated sub urban rail line along 
the canal gas reduced its width from 25 meters to 10 meters in some areas. The spaces below these pillars have 
become a site for informal settlements that further add to the pollution of the canal. Inadequate connections to the 
MRTS station have led to the lack of use and activity of the station and its surrounding areas. There is a serious 
contrast in the planning of this neighbourhood in which the dense residential area lacks open gathering spaces of 
adequate size, while potential large areas of public land right in front is not put into its full use. Hence this highlights 
the lack of link between the residential areas and the public zones. Narrow roads lead to cul de sacs often lined with 
dilapidated built conditions. The precinct lies in the 700m inundation plain of the coastal stretch. With the highly 
dense settlements along narrow roads, the evacuation process however becomes difficult. Solving these basic urban 
design issues can contribute to the overall resilience of the neighbourhood. 
Fig. 1. Vulnerability of Chennai city to coastal hazards (Author) 
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6. Study area 
6.1. Vision  
A well facilitated public realm integrated with institutional resource and resilient community 
6.2. Strategies  
x Primary roads should be 4 lane wide with separate lane for pedestrians, cycles, buses and other vehicles  
x Opening up of public land for an integrated circuit of pedestrian flow from the beach, government offices, 
educational institutions and the residential areas through a series of landscape, commercial development, street 
lighting and suitable street furniture 
x New pedestrian connections from the MRTS station to the beach, along the canal and towards the residential 
zone 
x The pedestrian connections are done integrating the stadium, the canal and the surrounding streets  
x Restructuring the hostel land into a mixed use development activating the area 
x New developments facing towards the canal to prevent its pollution 
x Providing adequate space for gatherings and discussions for the research crowd from the institutions with 
necessary pedestrian connection to seam the canal barrier 
x Widening the canal to increase its watershed capacity 
x An elevated landscape berm on the coastal side to reduce the sudden impact of any hazard without affecting the 
view towards the beach and also creating an active public realm 
x Strengthening the existing connection in the residential zone with identified plots for parking 
x Restructuring the dense residential zone by providing adequate open spaces and parking space 
x Adaptive reuse of the heritage building (Victoria hostel) 
x Redesigning the junctions to handle a gathering during a risk situation 
x Having adequate accessibility to the hospitals located in the precinct 
x Protecting existing heritage buildings either by site protection or flood proofing the building 
 
 
 
 
 
 
Fig. 2. Built use map of Chepauk neighbourhood (Author) 
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7. Design Intervention 
The site is divided broadly into two design zones: The beach berm and the animated loop. The site conditions are 
such that an inactive transit corridor lies between two very active and vibrant neighborhoods. The beach on the 
eastern side is a city level open space where population from all over the city comes in. The dense mixed residential 
on the western side is another vibrantly active zone in the neighbourhood level. Between these two lies a large 
parcel of public land where the MRTS station is located, in spite of which it remains dead.the above vulnerability 
mapping the detailed study area selected is based on the location aspect of the neighbourhood, being the most 
vulnerable to incoming hazards.  
Integrating all of it together for a very vibrant and animated public realm is what is done here. Fig: 4. 
7.1. The Beach Berm 
The proposal was done based on the vulnerability of the area to coastal hazards. An elevated landscape berm 
along the beach which will rise to a height of 1.5m without affecting the view from the KamarajarSalai to the coast 
was planned. This berm consists of various textures and types of vegetation best suited for flood mitigation. The 
berm will primarily be used as a public space for the beach goers. There are separate paths given for 
pedestrians/joggers and bicyclers. Parking facilities are provided at the beginning edge of the berm right along the 
main road. The stepped nature of the berm helps in creating a better urban space with suitable furniture and lighting. 
Permeable concrete pavements and gravel are used for pedestrian paths, so that the water can easily seep into the 
ground. The curve formations of the berm replicate the waves of the Bay of Bengal which also will cause minimum 
impact as opposed to a sharp perpendicular edge during a surge. 
This berm cannot prevent the water from getting into the internal areas but can minimize the impact of the 
approaching waters on the coastal edge. Drainage channels are provided at regular intervals in the berm in case the 
approached water recedes back to the sea.  
7.2. The loop 
This loop connects the beach berm to the MRTS station and its surrounding areas. These connections are dotted 
with a wide pedestrian and two way cycle paths, informal commerce and street vendors, shaded avenues and seating 
spaces, pedestrian walkways and bridges, cafes and tea stalls, gathering spaces and canal ghats. This forms a loop 
also connecting the stadium premises for joggers and bicyclers.  
To activate the MRT station premises, commercial and mixed use developments were introduced. Cafes and food 
stalls attract commuters especially students from the presidency college located within the precinct. To bridge the 
Fig. 3. Structure Plan for Chepauk neighbourhood (Author) 
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gap between the site and the college, a pair of pedestrian bridges connects them together for easy accessibility. 
Informal stalls on either side keeps the streets active throughout the day and night. For easy accessibility, the space 
below the elevated rail line is converted into a walkway leading directly into the station. A clear segregation of 
traffic is done separating the pedestrian, bicyclers, buses and other vehicles on the Walaja road and the 
KamarajarSalai. 
The bus lane along the Walaja road is located towards one side as the government multi-specialty hospital is 
located on that same side making it easier for emergency services. The site of the Victoria hostel adjacent to the 
MRT station was taken up for introducing the commercial and mixed use developments along the canal. The old 
dilapidated hostel building can be reused as a lodging facility through adaptive reuse. The canal edges are lined with 
ghats with facilities for boating which will help in curbing any pollution attempts with “eyes on edge” concept. The 
boating feature can attract the city level crowd coming into the Marina beach to the canal edge giving more business 
to the local vendors. The informal settlements along the canal are rehabilitated in the site itself with residential uses 
in the upper floors. The hospital edge, stadium edge and the college edge are dotted with street furniture and 
informal commerce. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The building typology is such that the ground floors are floodable in nature with adequate openings for water to 
move through and through. In buildings with height more than 3 stories, the ground floors can be used for parking 
facilities. ‘The animated loop’ starts from ‘the Beach berm’ and loops around the stadium premises, covers the 
MRTS station, along the canal and back to the berm hence forming a loop. 
7.3. Restructured residential zone 
The residential area is restructured providing, more community level open spaces, wider streets, incremental 
housing and larger junctions. During an emergency, the major collection points are the junctions, both internal and 
external. The uses are residential and mixed in nature keeping up with the present pattern of development in the site. 
The routes connect to the roads in the other sectors. A hierarchy of open spaces has been maintained throughout the 
residential area. The junctions contain mixed uses with commercial at the ground floor and residential in the top 
floors. An increase in the height of buildings is maintained along the major roads. 
Fig. 6. Intervention layout of the study area (Author) 
Fig. 4. Three dimensional view of the intervention (Author) 
Fig. 5. Plan of restructured residential area (Author) 
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8. Discussion and Conclusion 
The challenge was to design a public realm responding to the cultural, social, and economic conditions which has 
an added advantage of disaster resilience. Through urban design, creating a public realm that brings together people 
of various castes and creeds can further help in building up social capital. This social capital cultivates social 
resilience in the long run. Developing each neighbourhood, in such a manner can help in bringing up equitable 
development and up gradation of infrastructure which in turn results in a collective development of Chennai city. 
The strategies adopted on to the site are measures to help the area to adapt to a situation and respond quickly in the 
time of a risk. The interventions are done in such a manner that these spaces that are created doubles as an active 
public realm while having hidden infrastructure that will respond in a risk situation. 
These interventions cannot prevent the disaster from happening, but it can reduce the impact of such an attack on 
the surrounding areas. Also strategies that bring in a more energy efficient approach to planning and design right up 
to the building typology level will further help in reducing pressure on the natural systems. Further researches can 
be conducted on the minute aspects of energy efficiency and structural dynamics of the built in the event of different 
types of hazards that the site is exposed to. 
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